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Descripti n 

FIELD OF THE INVENTION 

The present invention relates to a pharmaceutical composition, method and device for preventing or treatina drv 
eye or a disease caused therefrom. 

BACKGROUND OF THE INVENTION 

"Dry eye" has hitherto been referred to as xerophthalmia, hypdacrimation, keratoconjunctivitis sicca and the like 
However, since the conception of dry eye is expansive or wide and the cause of dry eye is unknown in many cases it 
is considered that dry eye is not a single disease but a disease of the ocular surface, including disease which should 
be called dry eye syndrome. Now, dry eye is defined as a state where the quantity and quality of the tears is abnormal 
regardless of the keratoconjunctival lesion (Masakazu YAM ADA et al., Nippon Ganka Kiyo 4£ 1289-1293 (1992)) 
According to this definition, the category of dry eye includes diseases such as hypolacrimation, tear deficiency, xeroph- 
thalmia. Sjogren's syndrome, keratoconjunctivitis sicca. Stevens-Johnson syndrome, ocular pemphigoid blepharitis 
marginal, lid-closure failure, sensory nerve paralysis and the like. In addition, the category of dry eye includes allergic 
conjunctivitis-associated dry eye, post-viral conjunctivitis dry eye and post-cataract surgery dry eye. 

In addition, due to increase in contact lens wearers, increase in time spent in artificially air-conditioned environ- 
ments and increase in an opportunity to gaze at a VDT (video (visual) display terminal) screen because of the wide- 
spread use of televisions, computers and word processors, the factors which promote dry eye have been recently 
increased and contact lens wearing-associated dry eye and VDT operation-associated dry eye are increasing 

Further, when one is affected with dry eye. a tear lacks any one of an oily layer, an aqueous layer and a mucin layer 
in many cases, which causes keratoconjunctival lesion. In particular, when a tear lacks the mucin layer corneal lesion 
is severe, which easily causes not only corneal epithelial lesion and corneal epithelial erosion derived from corneal epi- 
thelial cell lesion but also corneal ulcer (for example, an ulcer of the corneal stromal layer) and ocular infectious disease 
In some cases, corneal transplantation becomes necessary. These are diseases caused by dry eye. 

At present, as a method for treating dry eye. there is no causal treatment and symptomatic treatment is merely car- 
ned out. As a symptomatic treatment, application to the eye of an artificial tear containing a viscoelastic substance such 
as methylcellulose, chondroitin sulfate and hyaluronic acid as a substitute for mucin is mainly carried out However 
since these substances are physically and physiologically different from mucin, the therapeutic effects are limited' 
Therefore, there is now no satisfying method for treating dry eye and no pharmaceutical composition for treatinq the 
same. 

35 OBJECTS OF THF INVFNITIOM 

One object of the present invention is to provide an excellent pharmaceutical composition for preventing or treatina 
dry eye or a disease caused therefrom. a 

Another object of the present invention is to provide an excellent method for preventing or treating dry eye or a dis- 
40 ease caused therefrom. 

Another object of the present invention is to provide an excellent device for preventing or treating dry eye or a dis- 
ease caused therefrom. ' 1 

These objects as well as other objects and advantages of the present invention will become apparent to those 
skilled in the art from the following description with reference to the accompanying drawings. 
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SUMMARY OF THE INVFNTION , 



In order to find a pharmaceutical composition, method and device for preventing or treating dry eye or a disease 
caused therefrom, the present inventors studied hard as discussed below. 

so As described above, when one is affected with dry eye, in particular, when the mucin layer is deficient, corneal 
lesion is severe. Mucin adheres to corneal epithelial cells and imparts hydrophilic characteristics to the corneal surface 
so as to stably keep a tear on the ocular surface. In addition, since mucin has a large saccharide content, it functions 
to keep the corneal and conjunctival surface wet or moist and capture and remove extraneous matter and bacteria 
Therefore, rt is thought that the environment more similar to an intact tear of the living body can be made on the ocular 

55 surface by applying mucin into a tear of dry eye patients. 

In addition, it is known that mucin is produced from conjunctival goblet cells and the function of conjunctival goblet 
cells of dry eye patients is decreased as compared with that of healthy subjects (Nelson JD. et al., Arch Ophthalmol 
4 m -2°, 49 ' 1051 ° 984)) - Therefore - rt is tnou 9 ht tnat dr V eye can be treated and further prevented by applying into a 
tear of dry eye patients a drug which improves the function of goblet cells or promotes the mucopolysaccharide produc- 
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ing function of goblet cells. 

The present inventors searched a variety of compounds from these points of view. As a result, the present inventors 
found that sulfodehydroabietic acid or a pharmacologically acceptable salt thereof (hereinafter sometimes referred to 
as "present compound") described in Japanese laid open publication 58-77814, Japanese laid open publication 63- 
s 165361 and Japanese laid open publication 2-167258, in particular, sulfodehydroabietic acid monosodium salt which is 
the representative compound thereof, unexpectedly has the activity to promote the mucopolysaccharide producing 
function of goblet cells and inhibits keratinizing keratoconjunctival lesion based on decrease in the above function, 
which resulted in completion of the present invention. 

The above Japanese laid open publications describe that the present compound is useful as an anti-ulcer agent but 
10 do not describe that the present compound inhibits keratinizing keratoconjunctival lesion based on decrease in the func- 
tion of goblet cells. The present inventors were the first to discover such inhibition. 

The present invention provides a pharmaceutical composition for preventing or treating dry eye or a disease 
caused therefrom which comprises as an active ingredient an effective amount of a compound represented by the for- 
mula (I): 

75 




sulfodehydroabietic acid (chemical name; 1,4a-dimethyl-1-carboxy-6-surfo-7-isopropyl-1,2,3,4 ( 4a l 9 l 10 l 10a-octahy- 
drophenanthrene) or a pharmacologically acceptable salt thereof and a pharmaceutical^ acceptable carrier suitable for 
topical administration. 

35 The present invention also provide a method for preventing or treating dry eye or a disease caused therefrom which 
comprises applying to an eye of a patient a pharmaceutical composition comprising as an active ingredient an effective 
amount of a compound represented by the formula (I): 
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55 or a pharmacologically acceptable salt thereof and a pharmaceuticaily acceptable carrier. 

The present invention further provides a device for preventing or treating dry eye or a disease therefrom, which 
comprises: 

a container; 
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a pharmaceutical composition comprising as an active ingredient an effective amount of a compound represented 
by the formula (I): 




(I) 



or a pharmacologically acceptable salt thereof; and a pharmaceutical ly acceptable carrier contained within said 
20 container; and 

instructions for using the device for preventing or treating dry eye or a disease caused therefrom, wherein said 
instructions are physically attached to said container or packaged together with said container. 

In the present invention, an ophthalmic solution (hereinafter sometimes referred to as eyedrops) containing sulfo- 
25 dehydroabietic acid monosodium salt as an active ingredient is preferable. The concentration of the salt is preferably 
0.05 to1.0(w/v)%. 

The pharmaceutical composition of the present invention is useful for preventing or treating dry eye such as hypo- 
lacrimation, tear deficiency, xerophthalmia, Sjogren's syndrome, keratoconjunctivitis sicca, Stevens-Johnson syn- 
drome, ocular pemphigoid, blepharitis marginal, lid-closure failure and sensory nerve paralysis, allergic conjunctivitis- 
30 associated dry eye, post-viral conjunctivitis dry eye, post-cataract surgery dry eye, VDT operation-associated dry eye 
and contact lens wearing-associated dry eye as well as diseases caused by dry eye such as keratoconjunctival epithe- 
lial lesion, corneal epithelial erosion, corneal ulcer and ocular infectious disease. 

BRIEF EXPLANATION OF DRAWINGS 

35 

Fig. 1 is a photograph which shows the corneal keratinized state of the eye of a vitamin A deficient rat (No. 1) before 
application to the eye of an ophthalmic solution obtained in Example 6 below (hereinafter referred to as "0.5% present 
compound A eyedrops") and before application to the eye of a physiological saline solution. The eye was photographed 
using a slitlamp in accordance with Test Example, experimental procedure (1) below. 
40 Fig. 2 is a photograph which shows the corneal keratinized state of the eye of a vitamin A deficient rat (No. 4) which 
had received application of a physiological saline solution 8 times per day for 20 days. The eye was photographed using 
a slitlamp in accordance with Test Example, experimental procedure (1) below. 

Fig. 3 is a photograph of the corneal keratinized state of the eye of a vitamin A deficient rat (No. 2) which had 
received application of a 0.5% present compound A eyedrops 8 times per day for 20 days. The eye was photographed 
45 using a slitlamp in accordance with Test Example, experimental procedure (1) below. 

Fig. 4 is a light microscopic photograph of nasal bulbar conjunctival cells of a normal rat which were collected by 
impression cytology, stained by an Alcian Blue- PAS method and photographed with a photomicroscope in accordance 
with Test Example, experimental procedure (2) below. 

Fig. 5 is a light microscopic photograph of nasal bulbar conjunctival cells of a vitamin A deficient rat which were col- 
50 lected by impression cytology, stained by an Alcian Blue- PAS method and photographed with a photomicroscope in 
accordance with Test Example, experimental procedure (2) below. 

Fig. 6 is a light microscopic photograph of nasal bulbar conjunctival cells from the eye of a vitamin A deficient rat to 
which was applied a physiological saline solution 8 times per day for 20 days. The cells were collected by impression 
cytology, stained by an Alcian Blue-PAS method and photographed with a photomicroscope in accordance with Test 
55 Example, experimental procedure (2) below. 

Fig. 7 is a light microscopic photograph of nasal bulbar conjunctival cells from the eye of a vitamin A deficient rat to 
which was applied a 0.5% present compound A eyedrops 8 times per day for 20 days. The cells were collected by 
impression cytology stained by an Alcian Blue-PAS method and photographed with a photomicroscope in accordance 
with Test Example, experimental procedure (2) below. 
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Fig. 8 is a scanning electron microscopic photograph of nasal inferior fornix conjunctivae cells of a normal rat. The 
cells were photographed using a scanning electron microscope in accordance with Test Example, experimental proce- 
dure (3) below. 

Fig. 9 is a scanning electron microscopic photograph of nasal inferior fornix conjunctivae cells of a normal rat. The 
s cells were photographed using a scanning electron microscope in accordance with Test Example, experimental proce- 
dure (3) below, and represent an enlarged photograph of Fig. 8. 

Fig. 10 is a scanning electron microscopic photograph of nasal inferior fornix conjunctivae cells of a vitamin A defi- 
cient rat which had received a physiological saline solution 8 times per day for 20 days. The cells were photographed 
using a scanning electron microscope in accordance with Test Example, experimental procedure (3) below. 
10 Fig. 1 1 is a scanning electron microscopic photograph of nasal inferior fornix conjunctivae cells of a vitamin A defi- 
cient rat which had received a physiological saline solution 8 times per day for 20 days. The cells were photographed 
using a scanning electron microscope in accordance with Test Example, experimental procedure (3) below, and repre- 
sent an enlarged photograph of Fig. 1 0. 

Fig. 12 is a scanning electron microscopic photograph of nasal inferior fornix conjunctivae cells of a vitamin A defi- 
75 cient rat which had received a 0.5% present compound A eyedrops B times per day for 20 days. The cells were photo- 
graphed using a scanning electron microscope in accordance with Test Example, experimental procedure (3) below. 

Fig. 13 is a scanning electron microscopic photograph of nasal inferior fornix conjunctivae cells of a vitamin A defi- 
cient rat which had received a 0.5% present compound A eyedrops 8 times per day for 20 days. The cells were photo- 
graphed using a scanning electron microscope in accordance with Test Example, experimental procedure (3) below, 
20 and represent an enlarged photograph of Fig. 12. 

DETAILED DESCRIPTION OF THE INVENTION 

Sulfodehydroabietic acid is the compound represented by the formula (I). The compound represented by the for- 
25 mula (I) or a pharmacologically acceptable salt thereof is used in an effective amount as an active ingredient in the phar- 
maceutical composition of the present invention for preventing or treating dry eye or a disease caused therefrom. The 
compound represented by the formula (I) is known and can be prepared according to a method described in Japanese 
laid open publication 58-77814, Japanese laid open publication 63-165361 and Japanese laid open publication 2- 
167258 or a similar method. 

30 Examples of a pharmacologically acceptable salt of sulfodehydroabietic acid represented by the formula (I) include 
salts with an alkaline metal such as sodium, lithium, potassium and the like, an alkaline earth metal such as magne- 
sium, calcium and the like, aluminum and the like. Among these, the preferable salt is a sodium salt of sulfodehydroa- 
bietic acid and the most preferable salt is a monosodium salt of sulfodehydroabietic acid. A monosodium salt of 
sulfodehydroabietic acid is the preferred salt due to the fact that it is less hygroscopic and more stable than a disodium 

35 salt of the same (Japanese laid open publication 63-165361). A pharmacologically acceptable salt of sulfodehydroabi- 
etic acid can also exist as a hydrate. Examples of the hydrate of sulfodehydroabietic acid monosodium salt include pen- 
tahydrate (that is, sulfodehydroabietic acid monosodium salt pentahydrate) and the like. Sulfodehydroabietic acid 
monosodium salt pentahydrate is a compound with the general name sodium ecabet (sometimes referred to as 
"present compound A" in this specification). 

40 The pharmaceutical composition of the present invention, referring to a compound useful in preventing or treating 
dry eye or a disease caused therefrom, has the activity to promote the mucopolysaccharide producing function of goblet 
cells which produce mucin. This delays the progression of keratinizing keratoconjunctival lesion as apparent from Test 
Examples below. Therefore, the pharmaceutical composition of the present invention is useful for preventing or treating 
dry eye or a disease caused therefrom. 

45 As used herein, "dry eye" is a wide concept which is intended to include diseases such as hypolacrimation, tear 
deficiency, xerophthalmia, Sjogren's syndrome, keratoconjunctivitis sicca, Stevens-Johnson syndrome, ocular pemphi- 
goid, blepharitis marginal, lid-closure failure and sensory nerve paralysis, allergic conjunctivitis-associated dry eye, 
post-viral conjunctivitis dry eye, post-cataract surgery dry eye, VDT operation-associated dry eye and contact lens 
wearing-associated dry eye as well as diseases caused by dry eye such as keratoconjunctival epithelial lesion, corneal 

so epithelial sores, corneal ulcers (such as ulcers of corneal stromal layer) and ocular infectious disease. 

When the present compound is used in a pharmaceutical composition for preventing or treating dry eye or a dis- 
ease caused therefrom, it is usually mixed with a pharmacologically acceptable carrier, excipient. diluent or the like 
which is known itself. The present compound is prepared into parenteral preparations such as ophthalmic solution, oph- 
thalmic ointments, injections or oral preparations such as tablets, capsules and granules. The preferable dosage is an 

55 ophthalmic solution. 

When the pharmaceutical composition of the present invention for preventing or treating dry eye or a disease 
caused therefrom is used as an ophthalmic solution, it is provided in any dosage form which is used for ophthalmic solu- 
tion, for example, an aqueous eye drop such as aqueous ophthalmic solution, aqueous suspended ophthalmic solution, 
viscous ophthalmic solution and solubilized ophthalmic solution, or a non-aqueous ophthalmic solution such as non- 
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aqueous ophthalmic solution and non-aqueous suspended ophthalmic solution. Among these, the aqueous ophthalmic 
solution is preferable. 

When the pharmaceutical composition of the present invention for preventing or treating dry eye or a disease 
caused therefrom is prepared into an aqueous ophthalmic solution, various additives normally used in the aqueous 
ophthalmic solution are conveniently contained therein as long as the object of the present invention is not adversely 
affected. Examples of such the additives include buffers, isotonizing agents, preservatives, solubilizers (stabilizers) pH 
adjusting agents, thickeners and chelating agents. 

The buffers may be selected from but not limited by the group comprising a phosphate buffer, a borate buffer a cit- 
rate buffer, a tartrate buffer, an acetate buffer (for example, sodium acetate) and an amino acid. 

The isotonizing agents may be selected from but not limited by the group comprising sugars such as sorbitol glu- 
cose and mannitol, polyhydric alcohols such as glycerin, polyethylene glycol and polypropylene glycol and salts such 
as sodium chloride. 

The preservatives may be selected from but not limited by the group comprising benzalkonium chloride benzetho- 
nium chloride, alkyl paraoxybenzoates such as methyl paraoxybenzoate and ethyl paraoxybenzoate. benzyl alcohol 
is phenethyl alcohol, sorbic acid and salts thereof, thimerosal and chlorobutanol. 

The solubilizers (stabilizers) may be selected from but not limited by the group comprising cyclodextrin and deriva- 
tives thereof, water-soluble polymers such as polyvinylpyrrolidone), and surfactants such as polysorbate 80 (trade 
name: Tween 80). 

The pH adjusting agents may be selected from but not limited by the group comprising hydrochloric acid, acetic 
20 acid, phosphoric acid, sodium hydroxide, potassium hydroxide and ammonium hydroxide. 

The thickeners may be selected from but not limited by the group comprising hydroxyethylcellulose. hydroxypropyl- 
cellulose, methylcellulose, hydroxypropylmethylcellulose and carboxymethylcellulose and salts thereof 

The chelating agents may be selected from but not limited by the group comprising sodium edetate sodium citrate 
and sodium condensed phosphate. 

When the pharmaceutical composition of the present invention for preventing or treating dry eye or a disease 
caused therefrom is prepared into an ophthalmic ointment, a base compound must be present. The base of the oph- 
thalmic ointment may be selected from but not limited by the group comprising purified lanolin, vaseline plastibase liq- 
uid paraffin and polyethylene glycol. 

In addition to ophthalmic solution and ophthalmic ointment preparations, the pharmaceutical composition of the 
present invention for preventing or treating dry eye or a disease caused therefrom can be formulated into parenteral 
preparations such as injections, and oral preparations such as tablet, capsule and granule. 

The pharmaceutical composition of the present invention may be placed within a first sterile container The sterile 
container may be placed in a second container, such as a box. The first sterile container or the second container may 
have instructions thereon for preventing or treating dry eye or a disease caused therefrom. Alternatively or in addition 
the instructions may be placed inside the second container. The instructions may be printed on a label on either of the 
two containers. 

The sterile container may be a bottle having an eye dropper in the cap or lid thereof, a squeeze tube with an oint- 
ment or eye drop solution therein, a squeeze bottle with an eye drop solution therein, a bottle, a jar. and a travel-sized 
packet. 

The label may be an external stick-on label, an internal label, and an attached set of directions clearly labelled a 
package insert and the like. 1 caJ ' s " eu • * 

The pharmaceutical composition of the present invention for preventing or treating dry eye or a disease caused 
therefrom can be administered to a mammal (such as a human being, rabbit, dog. cat. cattle, horse, monkey and the 
like). A dose of the pharmaceutical composition of the present invention depends upon the mode of administration the 
symptom(s) present, and the age and weight of a patient. For example, when the pharmaceutical composition of the 
present invention is used as an ophthalmic solution for an aduit dry eye patient, it is desirable that an aqueous solution 
eye drop, containing as an active ingredient the present compound, for example, the present compound A in an amount 
of approximately 0.001 to 2.5 (w/v)%, preferably 0.05 to 1.0 (w/v)%. is administered at a dose of one to a few drops 
once to 8 times per day. The dose also depends upon the symptom(s) present. 

When the pharmaceutical composition of the present invention is used as an ocular ointment, it is desirable that an 
ocular ointment, containing as an active ingredient the present compound A in an amount of approximately 0 001 to 2 5 
(w/W)%. preferably 0.05 to 1 .0 (w/w)%. is administered once to 4 times per day. The dose also depends upon the symp- 
tom^) present. ' H 

In addition, one or more other agents for preventing or treating dry eye or a disease caused therefrom, such as an 
artificial tear containing a viscoelastic substance such as methylcellulose. chondroitin sulfate and hyaluronic acid can 
be added to the pharmaceutical composition of the present invention. 

The following Examples and Test Example illustrate the present invention in detail but are not to be interpreted as 
limiting to the scope thereof. 
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Example 1 
ophthalmic solution 

An ophthalmic solution was prepared based on the following formulation according to a conventional method. 



Present compound A 


0.5 g 


Sodium acetate 


0.1 g 


Concentrated glycerin 


2.6 g 


Methyl parahydoxybenzoate 


0.026 g 


Propyl parahydoxybenzoate 


0.014 g 


Chlorobutanol 


0.3 g 


Polyvinyl pyrrol idone 


1.0 g 


Sterile purified water 


ad. 100 ml (pH 5.0) 



20 

Example 2 
25 ophthalmic solution 

An ophthalmic solution was prepared based on the following formulation according to a conventional method. 



Present compound A 


0.05 g 


Sodium acetate 


0.1 g 


Concentrated glycerin 


2.6 g 


Methyl parahydoxybenzoate 


0.026 g 


Propyl parahydoxybenzoate 


0.014 g 


Chlorobutanol 


0.3 g 


Polyvinylpyrrolidone 


1.0 g 


Sterile purified water 


ad. 100 ml (pH 5.0) 



45 Example 3 

ophthalmic solution 

An ophthalmic solution was prepared based on the following formulation according to a conventional method. 



so 



55 
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Present compound A 


0.5 g 


5 


Sodium acetate 


0.1 g 




Concentrated glycerin 


2.6 g 




Methyl parahydoxybenzoate 


0.026 g 




Propyl parahydoxybenzoate 


0.014 g 


10 


Chlorobutanol 


0.3 g 




Sterile purified water 


ad. 100 ml (pH 5.0) 



Example 4 
ophthalmic solution 

An ophthalmic solution was prepared based on the following formulation according to a conventional method. 



Present compound A 


0.5 g 


Disodium hydrogen phosphate dodecahydrate 


0.1 g 


Concentrated glycerin 


2.6 g 


Polysorbate 80 


0.1 g 


Benzalkonium chloride 


0.005 g 


Sterile purified water 


ad. 100 ml (pH 7.0) 



35 

Example 5 
ophthalmic solution 

40 An ophthalmic solution was prepared based on the following formulation according to a conventional method. 



45 



SO 



Present compound A 


0.05 g 


Disodium hydrogen phosphate dodecahydrate 


0.1 g 


Sodium chloride 


0.9 g 


Polysorbate 80 


0.1 g 


Benzalkonium chloride 


0.005 g 


Sterile purified water 


ad. 100 ml (pH 7.0) 



55 Example 6 

ophthalmic solution 

An ophthalmic solution was prepared based on the following formulation according to a conventional method. 
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Present compound A 


0.5 g 


Disodiurn hydrogen phosphate dodecahydrate 


0.1 g 


Sodium chloride 


0.9 g 


Polysorbate 80 


0.1 g : 


Sodium hydroxide 


q.s. 


Sterile purified water 


ad. 100 ml (pH 7.0) 



is Test Example 

The activity of the present compound A in delaying the progress of keratinizing keratoconjunctival lesion was stud- 
ied using a vitamin A deficient rat showing the symptoms of keratinizing keratoconjunctival lesion which was established 
from the hypof unction of goblet cells. 

20 

Test drug 

An ophthalmic solution obtained in Example 6 (0.5% present compound A eyedrops) was used. As a control, a 
physiological saline solution was used. 

25 

Animal to be used 

Three-week-old SD male rats which had been bred with a vitamin A deficient feed for about 180 days were used. 
As a normal group, three-week-old SD male rats which had been bred with a normal feed for about 180 days was used. 

30 

Experimental procedures 

Administration of a test drug was initiated at a point when corneal keratinization was recognized on nasal paracen- 
tral cornea of the rats bred with a vitamin A deficient feed. The test drug was applied to one eye in an amount of 5 jil, 8 
35 times per day, for 20 days. Rats which received the test drug were subjected to the following experiments (1), (2) and 
(3). 

(1) Observation with slitlamp 

40 A keratinized part of corneal epithelium was stained with 0.1% sodium fluorescein and the corneal keratinization 
was observed using a slitlamp for 21 days after the first instillation of test drugs. Evaluation was carried out by scoring 
according to the criteria shown in Table 1 . 



45 




Table 1 




Score 


Criteria 




0 


No staining is recognized on cornea. 




1 


Scattered punctate staining is recognized on cornea. 


50 


2 


Punctate staining is recognized partially as a group on paracentral cornea. 




3 


Disciform staining area is recognized on nasal paracentral cornea. 




4 


Disciform staining area is recognized on a wide region of paracentral cornea. 


55 


5 


Densely disciform staining is recognized on a wide region of paracentral cornea 
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(2) Observation of goblet cells by impression cytology 



^toSSjT Photographed wah a phoiomicroscope (VANBOX manufactured by Olympus 

(3) Observation olirteriotforrtxconiLnclivaegoblMcarswilh scannino electron microscope (SEM) 
live aSdTeS An*™ 1~ ^J" 5 "" 880 " °* dn,a *• •»*"> was B ° laM <* »» Pa'P*™ conjunc- 

Results of test 
(1) Results of observation with slitlamp 

of cornea. Respective values represent the scores of two samples (No 1 and No 7) Ta^l^n^n 
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Table 2 





Days 


0.5% present compound A 


Physiological saline solution 






applied group 


applied group 


30 




No. 1 


No. 2 


No. 3 


No. 4 




1 


3.0 


3.0 


3.0 


3.0 




2 


3.0 


2.0 


3.0 


3.5 


35 


4 


3.0 


2.5 


3.0 


4.5 




8 


2.5 


2.0 


4.0 


5.0 




12 


2.0 


2.5 


5.0 


5.0 




16 


2.5 


3.0 


5.5 


5.0 


40 


21 


3.0 


3.0 


5.0 


5.0 



so 
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As apparent from the results shown in Table 2 it wa«; awn that =» n h©a * 

So ^ S a h V". *»? mSOn ° f COmea ' kerat,ni2ed With a s,it,am P «• in Figs 1 to 3 

F.g 1 ,s a photograph show.ng the corneal keratinized state of the eye of a vitamin A def icierrtratTNo 1 1 h£l 

Fig^2 is a photograph showing the corneal keratinized state of the eye of a vitamin A deficient rat ( No A\ whirh h a * 
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kling part of paracentral cornea results from halation of a slitlamp. 

As apparent from Figs. 1 and 2, keratinizing corneal lesion in a physiological saline solution applied group gradually 
worsened from the time of instillation (see Fig. 1), and progressed into a wider region (see Fig. 2). On the other hand, 
in a 0.5% present compound A applied group, the symptoms at 20 days after application was almost the same as that 
5 before application and, thus, it was observed that the progress of keratinizing lesion was inhibited (see Fig. 3). 

(2) Results of observation of bulbar conjunctival goblet cells by impression cytology 

The results of observation of bulbar conjunctival goblet cells by impression cytology are shown in Figs. 4 to 7. 
10 Fig. 4 is a light microscopic photograph of nasal bulbar conjunctival cells from the eye of a normal rat. The cells 
were collected by impression cytology, stained by an Alcian Blue-PAS method and photographed with a photomicro- 
scope. The stained area (reddish purple) indicates mucopolysaccharide. Goblet cells are not observed. 

Fig. 5 is a light microscopic photograph of nasal bulbar conjunctival cells from the eye of a vitamin A deficient rat. 
The cells were collected by impression cytology, stained by an Alcian Blue-PAS method and photographed with a pho- 
15 tomicroscope. The arrows point at goblet cells and the stained area (reddish purple) indicates mucopolysaccharide. 
Mucopolysaccharide is also present in goblet cells. 

^ Fig. 6 is a light microscopic photograph of nasal bulbar conjunctival cells from the eye of a vitamin A deficient rat to 
which was applied a physiological saline solution 8 times per day for 20 days. The cells were collected by impression 
cytology, stained by an Alcian Blue-PAS method and photographed with a photomicroscope. The arrows point at goblet 
20 cells and the stained area (reddish purple) indicates mucopolysaccharide. Mucopolysaccharide is present within goblet 
cells in a small amount. 

Fig. 7 is a light microscopic photograph of the nasal bulbar conjunctival cells from the eye of a vitamin A deficient 
rat to which was applied a 0.5% present compound A eyedrops 8 times per day for 20 days. The cells were collected 
by impression cytology, stained with an Alcian Blue-PAS method and photographed with a photomicroscope. The 

25 arrows point at goblet cells and the stained area (reddish purple) indicates mucopolysaccharide. Mucopolysaccharide 
is also present in goblet cells. 

As apparent from these Figures, goblet cells usually did not appear on the conjunctival epithelial surface of the nor- 
mal rat which had been bred with a normal feed (see Fig. 4). However, goblet cells of the vitamin A deficient rat 
appeared on the conjunctival surface and the presence of mucopolysaccharide was confirmed in the cytoplasm (see 

30 Fig. 5). When a test drug was applied to rats in this state for 20 days, the amount of mucopolysaccharide in the cyto- 
plasm was decreased in the goblet cells in a physiological saline solution applied group (see Fig. 6) and, on the other 
hand, the amount of mucopolysaccharide in the cytoplasm was large in a 0.5% present compound A applied group. 
Thus, it was seen that the state before application was retained (see Fig. 7). 

35 (3) Results of observation of inferior fornix conjunctivae goblet cells with scanning electron microscope 

The results of observation of inferior fornix conjunctivae goblet cells with a scanning electron microscope are 
shown in Figs. 8 to 13. 

Fig. 8 is a scanning electron microscopic photograph of the nasal inferior fornix conjunctivae from the eye of a nor- 
40 mal rat. The photograph was taken using a scanning electron microscope. A white arrow indicates the opening of goblet 
cells. 

Fig. 9 is a scanning electron microscopic photograph of the nasal inferior fornix conjunctivae from the eye of a nor- 
mal rat. The photograph was taken using a scanning electron microscope, and represents an enlarged photograph of 
Fig. 8. An opening of goblet cells is shown within the dashed line and mucopolysaccharide is observed (white arrows). 
45 Microvilli are recognized in a section separate from the openings of goblet cells. 

Fig. 1 0 is a scanning electron microscopic photograph of nasal inferior fornix conjunctivae from the eye of a vitamin 
A deficient rat which had received application of a physiological saline solution 8 times per day for 20 days. The photo- 
graph was taken using a scanning electron microscope. No openings of goblet cells are recognized and an area where 
conjunctival epithelium are desquamated is observed. 
so Fig. 1 1 is a scanning electron microscopic photograph of the nasal inferior fornix conjunctivae from the eye of a vita- 
min A deficient rat which had received application of a physiological saline solution 8 times per day for 20 days. The 
photograph was taken using a scanning electron microscope, and represents an enlarged photograph of Fig. 10. No 
openings of goblet cells are recognized and no microvilli are observed. 

Fig. 12 is a scanning electron microscopic photograph of the nasal inferior fornix conjunctivae from the eye of a 
55 hypovitaminosis A rat which had received application of a 0.5% present compound A eye drop 8 times per day for 20 
days. The photograph was taken using a scanning electron microscope. A white arrow indicates the opening of goblet 
cells. Goblet cells are opened more widely as compared with the normal state. 

Fig. 1 3 is a scanning electron microscopic photograph of the nasal inferior fornix conjunctivae from the eye of a vita- 
min A deficient rat which had received application of a 0.5% present compound A eye drop 8 times per day for 20 days. 
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The photograph was taken using a scanning electron microscope, and represents an enlarged photograph of Fig. 12. 
The openings of goblet cells are shown within the dashed line and mucopolysaccharide (white arrows) is observed. 
Microvilli are observed in a section separate from the openings of goblet cells. 

As apparent from Figs. 8 and 9, in a normal rat, goblet cells were observed to be thinly opened in inferior fornix con- 

s junctivae and mucin was present (see Figs. 8 and 9). However, in a physiological saline solution applied group which 
had been bred with a vitamin A deficient feed, no openings of goblet cells were observed (see Fig. 10) and desquama- 
tion of epithelial cells and disappearance of microvilli were recognized (Fig. 1 1). On the other hand, on the surface of 
inferior fornix conjunctivae in a 0.5% present compound A applied group, many widely opened goblet cells were 
observed and mucopolysaccharide was present (see Fig. 12). Further, disappearance of epithelial cells was not 

10 observed (see Fig. 1 3). 

Discussion on test results 

As described above, the activity of the present compound A in delaying the progress of keratinizing keratoconjunc- 
75 tival lesion was studied using a vitamin A deficient rat having the symptom of keratinizing keratoconjunctival lesion 
which was established from the hypofunction of goblet cells and, as a result, it was made clear that a 0.5% present com- 
pound A applied group inhibits the progress of corneal keratinized disorder. Further, in histological observation of con- 
junctiva, more openings of goblet cells were recognized in a 0.5% present compound A applied group than in the 
normal state. And a 0.5% present compound A applied group was more similar to a normal state in respects of mor- 
20 phology of epithelial cells, the presence or absence of mucopolysaccharide in the cytoplasm and the like in comparison 
with a physiological saline solution applied group. 

From these findings, it is presumed that the present compound functions on goblet cells by promoting the produc- 
tion of mucopolysaccharide. It is considered that, as a result of the activity, the morphology of epithelial cells is retained 
(microvilli are present) and the progress of corneal keratinized lesion is delayed. Therefore, it has been made clear that 
25 the present compound promotes the mucopolysaccharide producing function of goblet cells of a vitamin A deficient rat 
and, as a result, delays the progress of corneal keratinized lesion. Therefore, it is suggested that the present compound 
is a useful agent for preventing or treating dry eye or a disease caused therefrom. 

Claims 

30 

1 . A pharmaceutical composition for preventing or treating dry eye or a disease caused therefrom which comprises: 
as an active ingredient an effective amount of a compound represented by the formula (I): 




(i) 



so or a pharmacologically acceptable salt thereof; and a pharmaceutical^ acceptable carrier suitable for topical 
administration. 

2. The pharmaceutical composition according to claim 1, wherein the pharmacologically acceptable salt of the com- 
pound represented by the formula (I) is sulfodehydroabietic acid monosodium salt. 

55 

3. The pharmaceutical composition according to claim 2, which is formulated into an ophthalmic solution. 

4. The pharmaceutical composition according to claim 3, wherein the concentration of the compound represented by 
the formula (I) is 0.05 to 1 .0 (w/v)%. 



12 

BNSDOCID: <EP 0774254A1 I > 



EP 0 774 254 A1 



5. A method for preventing or treating dry eye or a disease caused therefrom which comprises: applying to an eye of 
a patient a pharmaceutical composition comprising as an active ingredient an effective amount of a compound rep- 
resented by the formula (I): 




(i) 



20 

or a pharmacologically acceptable salt thereof; and a pharmaceutical^ acceptable carrier. 

6. The method according to claim 5, wherein said dry eye is selected from the group consisting of hypotacrimation, 
tear deficiency, xerophthalmia, Sjdgren's syndrome, keratoconjunctivitis sicca, Stevens- Johnson syndrome, ocular 

25 pemphigoid, blepharitis marginal, lid-closure failure and sensory nerve paralysis. 

7. The method according to claim 5, wherein said dry eye is selected from the group consisting of allergic conjuncti- 
vitis-associated dry eye. post-viral conjunctivitis dry eye. post-cataract surgery dry eye. VDT operation -associated 
dry eye and contact lens wearing-associated dry eye. 

30 

8. The method according to claim 5, wherein said disease caused therefrom is selected from the group consisting of 
keratoconjunctival epithelial lesion, corneal epithelial erosion, corneal ulcer and ocular infectious disease. 

9. A device for preventing or treating dry eye or a disease therefrom, which comprises: 

35 

a container; 

a pharmaceutical composition comprising as an active ingredient an effective amount of a compound repre- 
sented by the formula (I): 




(i) 



or a pharmacologically acceptable salt thereof and a pharmaceutical^ acceptable carrier contained within said 
container; and 

instructions for using the device for preventing or treating dry eye or a disease caused therefrom, wherein said 
instructions are physically attached to said container or packaged together with said container. 
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Fig. 3 
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Fig. 7 
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